
Investigation 



T 

Triple nanoemulsion potentiates the effects of topical 
treatments with microencapsulated retinol and modulates 
biological processes related to skin aging* 

Tripla nanoemulsao potencializa os efeitos do tratamento topico com retinol 
microencapsulado e modula processos biologicos relacionados 
ao envelhecimento da pele 

Alessandro Afornali 1 Rodrigo de Vecchi 1 Rodrigo Makowiecky Stuart 2 

Gustavo Dieamant 3 Luciana Lima de Oliveira 4 Carla Abdo Brohem 5 

Israel Henrique Stokfisz Feferman 6 Lincoln Helder Zambaldi Fabricio 7 Marcio Lorencini 8 

DPI: http://dx.doi.org/10.1590/abdl806-4841.20132208 

Abstract: Background: The sum of environmental and genetic factors affects the appearance and function of the 
skin as it ages. The identification of molecular changes that take place during skin aging provides biomarkers 
and possible targets for therapeutic intervention. Retinoic acid in different formulations has emerged as an alter- 
native to prevent and repair age-related skin damage. Objectives: To understand the effects of different retinoid 
formulations on the expression of genes associated with biological processes that undergo changes during skin 
aging. Methods: Ex-vivo skin samples were treated topically with different retinoid formulations. The modula- 
tion of biological processes associated with skin aging was measured by Reverse Transcription quantitative PCR 
(RT-qPCR). Results: A formulation containing microencapsulated retinol and a blend of active ingredients pre- 
pared as a triple nanoemulsion provided the best results for the modulation of biological, process-related genes 
that are usually affected during skin aging. Conclusion: This association proved to be therapeutically more effec- 
tive than tretinoin or microencapsulated retinol used singly. 
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Resumo: Fundamentos: A soma de fatores geneticos e ambientais afeta a aparencia e a funcionalidade da pele 
ao longo do envelhecimento. O conhecimento a respeito das mudancas moleculares durante o envelhecimento 
fornece biomarcadores e possiveis alvos para intervenc5es terapeuticas. O acido retinoico em diferentes formu- 
lagoes surgiu como uma alternativa para prevenir e reparar os danos da pele associados ao envelhecimento. 
Objetivos: Avaliar comparativamente os efeitos de diferentes formulacoes contendo retinoides na expressao de 
genes associados a processos biologicos que sao alterados com o envelhecimento da pele. Metodos: Peles ex vivo 
foram topicamente tratadas com diferentes retinoides, micro e nanoencapsulados. A modulacao dos processos 
biologicos associados ao envelhecimento da pele foi medida por PCR quantitativa, precedida de transcri^ao 
reversa (RT-qPCR). Resultados: Aformulacao contendo uma mistura de principios ativos incorporados em uma 
tripla nanoemulsao e retinol microencapsulado apresentou os melhores resultados de modulacao de genes rela- 
cionados a processos biologicos que sao normalmente alterados durante o envelhecimento da pele. Conclusao: 
Essa associagao demonstrou uma maior eficacia terapeutica quando comparada ao uso isolado de tretinoina ou 
retinol microencapsulado. 
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INTRODUCTION 

Skin aging is a continuous process that affects 
the appearance and function of the skin. This process 
is determined intrinsically by individual genetics and 
extrinsically by environmental and lifestyle factors. 1,2 
The sum of genetics and environmental factors is 
responsible for the condition of skin during aging. 
Older skins undergo physiologically abnormal 
processes that are absent in younger ones. The 
changes are caused in part by cumulative endogenous 
damage due to the continuous formation of reactive 
oxygen species (ROS), which are normally generated 
by cellular metabolism. 3 Despite a strong antioxidant 
defense system, the damage generated by ROS affects 
cellular constituents such as membranes, enzymes 
and DNA. 4 Cellular stress accumulated over time 
potentially impacts cell metabolism and, consequent- 
ly tissue regeneration and function. The progressive 
loss of function impairs tissue physiology, as is fre- 
quently observed in older skins. The diminished cuta- 
neous microvasculature seen in older persons 
accounts for the progressively lower nutritional sup- 
port in aging skin. 5 In addition, obliterated vessels 
have been associated with disturbances of the normal 
architecture of the vascular plexus in the dermis 4 . 
Changes in skin pigmentation, lipid and water con- 
tent, and response to stress and inflammation, are fre- 
quently observed during aging. 6 " 8 The pathophysio- 
logical process of skin aging derives largely from an 
aberrant regulation of a multitude of finely tuned 
molecular mechanisms, which have evolved to pre- 
serve the structural integrity of dermal connective tis- 
sue. 9 These molecular mechanisms enable skin cells to 
communicate both with each other and their environ- 
ment. Understanding the relevant signal transduction 
pathways and their effectors will provide exciting 
opportunities for therapeutic intervention to prevent 
and repair age-related skin damage. 9 

In recent years, the use of retinoids has become 
popular as a therapeutic option to prevent and mini- 
mize signs of aging. 10 Retinoids are a class of com- 
pounds that are chemically related to vitamin A - an 
essential nutrient that plays a key role in eyesight, as 
well as cell growth and differentiation. In vivo, 
retinoids must bind with specific proteins to perform 
their necessary functions. 11 

The modern history of retinoids began in 1909, 
when vitamin A, an essential factor for the viability of 
an embryo, was discovered in the fatty extract of egg 
yolks. Retinoids were eventually introduced in the 
treatment of dermatoses, including photoaging, over 
two decades ago. 12 

Studies have described the rapid metaboliza- 
tion of retinoic acid by 10T1/2 cells and most trans- 
formed derivatives, whereas retinol is only marginal- 



ly metabolized by, but highly concentrated in, these 
cells. Furthermore, the lack of retinoic acid activity 
seems unlikely to be due to the lack of appropriate 
retinoic acid binding protein, since cellular retinoic 
acid-binding proteins (CRABPs) were detected at con- 
centration levels four times greater than those of cel- 
lular retinol-binding proteins (CRBPs). The differen- 
tial activity of these two retinoids may thus be expli- 
cable on pharmacokinetic grounds. 13 

Structurally, all retinoids consist of a |3-ionone 
ring and a polyunsaturated side chain containing an 
alcohol, aldehyde, a carboxylic acid group, or an ester 
group. Because of their chemical instability and fairly 
low solubility in aqueous media, retinoids must be 
bound by specific proteins found in bodily fluids and 
within cells. CRBPs and CRABPs carry retinoids 
inside cells (Figure 1). Interestingly, although all of 
these transport proteins possess similar structures, the 
binding modes for the ligands of different retinoids 
with their carrier proteins are different. 14 

The present study investigated the influence of 
retinoids on biological processes related to skin aging 
and compared the role of different retinoids and deliv- 
ery systems in gene expression by means of Reverse 
Transcription quantitative PCR (RT-qPCR). RT-qPCR 
has become a popular method to assess total RNA and 
mRNA expression because of its sensitivity, accuracy, 
and ability to replicate mRNA. 15 Over the past 10 
years, the popularity of this method has grown expo- 
nentially with the publication of well over 25,000 
papers from various fields of science, involving RT- 
qPCR data in agricultural, environmental, industrial, 
and medical research. 16 

MATERIALS AND METHODS 

Biological samples and experimental conditions 

Samples were taken from normal human skin 
excised during plastic surgery procedures performed 
on three patients who had agreed to participate in the 
study. Ex vivo human skin samples were topically 
treated with tretinoin 0.1%, the leading worldwide 
commercial product (tretinoin 0.1%), microencapsu- 
lated retinol 0.1%, and association with triple 
nanoemulsion (Triple Nanoemulsion (TNE) + 
Cosmetic and/ or Dermatological Preparation con- 
taining TNE - PI 0904697-6, 2009). The ex vivo skin 
samples treated were cultivated at an air-liquid inter- 
phase by using a 24-transwell plate filled with 1 mL 
culture medium, which consisted of DMEM (GIBCO) 
containing 10% FBS (SIGMA) and 1% Pen/Strep 
(GIBCO). The samples were incubated for 24h at 37°C 
in a humidified environment containing 5% CO2. 
Following the incubation period, the samples were 
subjected to RNA extraction. All the experiments were 
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performed in triplicate. Untreated skin samples were 
used as control. 

RNA extraction and reverse transcription quantita- 
tive PCR (RT-qPCR) 

RNA extraction was conducted using an 
RNeasy mini kit (QIAGEN) as per manufacturer's 
instructions. The purity and concentration of RNA 
were determined with the aid of a NanoDrop 
ND2000c (Thermo Scientific). cDNA was synthesized 
from 1 (ig of total RNA using a high-capacity cDNA 
reverse transcription kit with RNase inhibitor (Life 
Technologies). Real-time PCR reactions were per- 
formed in duplicate, using a StepOnePlus Real-Time 
PCR system and FAST SYBR Green Master Mix 
(Applied Biosystems), for the evaluation of the gene 
expression associated with the following processes 
involved in skin aging: vasculogenesis, lipid metabo- 
lism, negative regulation of inflammatory response, 
response to oxidative stress, cell proliferation, cell-cell 
signaling, cell adhesion, melanin biosynthesis process 
regulation, extracellular matrix, skin barrier develop- 
ment and cell differentiation. 




^>l~J^XS~~ nXvUK /-iXvU^'C 

Figure 1: The cellular mechanism of retinoid action. Retinol inte- 
racts with specific proteins called retinol-binding proteins (RBP), 
which aid intracellular transfer via the receptor protein, binding 
with CRBP (cellular retinol-binding proteins) in the cytoplasm. The 
retfnol dehydrogenase (RoDH) enzymes metabolize retinol into 
retinaldehyde (Rh), then retinaldehyde is metabolized into retinoic 
acid (RA) by the retinaldehyde dehydrogenases (RALDHs). In the 
cytoplasm, RA is bound by CRABP (cellular RA-binding protein) or 
transformed into more polar compounds, which are subject to furt- 
her metabolization and elimination. RA enters the nucleus and 
binds to the RA receptors (RARs) and retinoid X receptors (RXRs), 
which they themselves heterodimerize and bind to a sequence of 
DNA known as RARE (RA-response element), which activates the 
transcription of target genes 



Data analysis 

The relative gene expression in the treated and 
untreated samples was analyzed by means of the AACt 
method. A AACt value was calculated by subtracting the 
ACt for the control samples from the ACt for each treat- 
ment. The AACt values were converted into fold differ- 
ences by raising 2 to the (-AACt)th power [2(-AACt)]. 17 
The data were analyzed by one-way ANOVA with the 
post hoc Tukey's test for pairwise group comparison 
using JMP statistical software (SAS Institute). P < 0.05 
was considered statistically significant. 

RESULTS 

The effect of retinoid formulations on the 
expression of genes associated with vasculogenesis, 
lipid metabolism, control of inflammation, response 
to oxidative stress, cell proliferation, cell-cell signal- 
ing, cell adhesion, melanin biosynthesis process regu- 
lation, extracellular matrix, skin barrier development, 
and cell differentiation, was evaluated by RT-qPCR. 
Results are shown as fold change (FC) in comparison 
with untreated control samples. 

For all processes evaluated, the association 
between TNE and microencapsulated retinol (0.1%) 
induced gene expression, and generated a better 
response than other formulations, including the asso- 
ciation of TNE with tretinoin (0.1%), - the most wide- 
ly used treatment for skin aging and other skin condi- 
tions (Figure 2). 

The association of TNE and microencapsulated 
retinol (0.1%) strongly induced lipid metabolism (9.57 
FC), oxidative stress response (8.09 FC), extracellular 
matrix (7.11 FC), cell proliferation (6.43 FC), and vas- 
culogenesis (9.24 FC). Vasculogenesis was also highly 
induced after treatment with microencapsulated 
retinol at 0.1% (11.94 FC). Although the modulation 
generated by TNE+microencapsulated retinol (0.1%) 
in cell adhesion (2.49 FC), skin barrier development 
(1.91 FC), cell-cell signaling (1.87 FC), cell differentia- 
tion (1.5 FC), melanin biosynthesis process regulation 
(1.83 FC) and inflammation (2.46 FC) was not highly 
significant (p>0.05) in comparison with other treat- 
ments, it is clear that the association of TNE with 
microencapsulated retinol usually induces a better 
response than microencapsulated retinol, tretinoin, a 
leading commercial product, TNE, or TNE+retinoic 
acid association used singly. 

DISCUSSION 

For drug molecules to be clinically effective, it is 
of prime importance that they be administered via a 
route, which provides them with a proper channel to 
reach their target. Further, they need to be suitably 
protected in the biological environment until they are 
delivered to the required site of action. Drug delivery 
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systems, such as microcapsules and nanoemulsions, 
have been developed to improve cosmetic and phar- 
maceutical formulations in order to increase biochem- 
ical stability and permeability, and ultimately increase 
the intracellular bioavailability of the drug. The trans- 
dermal delivery system is a successful channel where- 
by drug-loaded nanoparticles are delivered through 
the skin. 18 

Nanoemulsions consist of fine oil-in-water dis- 
persions of usually spherical droplets, with a mean 
droplet diameter of about 20-200 nm. Additionally, 
depending on the physicochemical properties of the 
drugs, nanoemulsions can be structurally engineered 
to maximize their solubilization according to the 




I II III IV V VI 



required route of delivery, which is heavily dependent 
on the drug structure. 1 ' The topical application of 
nanoemulsion offers many potential therapeutic 
advantages for suppressing or inducing gene expres- 
sion in the skin and modulating biological processes 
involved in skin aging. 20 Studies have demonstrated 
that using nanoemulsions as delivery systems can 
increase drug retention times in the body and conse- 
quently lower drug quantity required for the thera- 
peutic action. The use of nanoemulsion technology 
has been reported to enhance the bioavailability of 
lipophilic drugs. 21 

Our results showed that the most efficient treat- 
ment for skin aging-related processes is provided by 






I II III IV V VI I II III IV V VI 



Figure 2: Gene expression involved in biological processes related to skin aging in different treatments. Bars represent the mean values of 
fold; each error bar was constructed using 1 standard error from the mean (y axis - fold values; x axis - treatments); * represents p< 0.05 for 
the Tukey's test in the comparison of treatments 
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the association of TNE with microencapsulated retinol 
(0.1%). This association was shown to increase gene 
expression in all the processes, even when compared 
with the classic tretinoin (0.1%) treatment, applied 
singly or in association with TNE. 

Previous studies have described the effects of 
retinoids on the proliferation and differentiation of 
normal and neoplastic cells and tissues, including 
those found in the skin. 22 - 23 Vitamin A (retinol), its nat- 
ural metabolites and synthetic derivatives known as 
retinoids play important roles in regulating cell prolif- 
eration, differentiation, and embryonic development. 24 
The physiological activities of retinoids are primarily 
carried out via nuclear receptors that transcriptionally 
activate certain retinoid-responsive genes. 22 

Human skin requires retinol for the regulation 
of keratinocyte growth and differentiation. 25 The bio- 
logic activity of retinol is considered to be predomi- 
nantly exhibited by its natural oxidation product, 
retinoic acid. 26 Vitamin A and retinoids are, in certain 
cases, essential to the normal process of cell differenti- 
ation. Squamous keratinocytes shed daily from the 
surface of the skin, are continuously replaced by dif- 
ferentiating cells moving vectorially outward. These 
also consist mainly of keratinocytes and their outer 
root sheath is contiguous with the epidermis. 27 

Alow (0.1%) retinol dose was found to promote 
keratinocyte proliferation in vivo and improve the 
clinical treatment of fine lines and skin tone uneven- 
ness caused by photoaging in the lateral periorbital 
regions, when applied for a nine-month period; such 
treatment is reported to be minimally irritating. 28 

Ligand deprivation and pharmacological stud- 
ies, conducted both in vivo and in vitro with ker- 
atinocytes in culture, have indicated that the active 
retinoid derivatives of vitamin A (primarily retinoic 
acid, RA) can play critical regulatory roles in the 
growth, differentiation, and maintenance of the mam- 
malian epidermis and hair follicles. 29,30 

As illustrated in figure 2, the cell proliferation- 
related process was significantly induced by the treat- 
ment with TNE, incorporating retinol microcapsules 
at 0.1%, suggesting that the retinol microcapsules car- 
ried within the triple nanoemulsion were producing a 
synergic effect. Although the microcapsules are neces- 
sary to increase the stability of retinol, its retention 
time in the skin, and its absorption by skin cells, 
improve the intracellular bioavailability of the drug. 
TNE increases the permeation of the microcapsules 
because of their reduced mean particle size, improv- 
ing the spreadability of the emulsion over skin pores, 
around hair follicles, and across intercellular gaps. 

Topical tretinoin did not affect embryonic 
development in a number of studies performed in dif- 
ferent models. In high doses, however, tretinoin can 



produce local inflammation, which may, for example, 
enhance absorption through the skin. Vehicles can 
cause differences in absorption characteristics. 
Pharmacokinetic findings offer explanations for the 
different behavior patterns of retinoids. 31 

One of the most common side effects of 
tretinoin therapy is dermatitis. It is characterized by 
xerosis, peeling and subjective irritation, occurring 
predominantly on intertriginous sites between the 
first and tenth weeks of topical tretinoin therapy. The 
inflammation of presumed subclinical actinic kerato- 
sis is a desired effect of the therapy, since it may cause 
these lesions to disappear. This effect tends to occur 
after at least 3 months of topical tretinoin therapy. The 
inflammation may be punctate or reticulate and is 
accompanied by xerosis and scaling. This reaction 
may be difficult to distinguish from tretinoin-induced 
dermatitis except for its usually later onset and dis- 
crete pattern. 32 

Other studies have shown that using tretinoin 
brings about a more intense anti-inflammatory activity 
than adapalene. It should therefore be the preferred 
option in treating inflammatory lesions. 33 Corroborating 
our data, a recent review of the immunomodulating 
properties of tretinoin suggests that it has five important 
comedolytic-related properties that can be considered 
anti-inflammatory in nature. 34 

Retinoic acid is the biologically active retinoid 
that is involved in producing beneficial effects on the 
skin. For cosmetic purposes, however, trans-retinol is 
used more frequently, as this pro-hormone of retinoic 
acid causes similar qualitative molecular changes but 
is less irritating. In the skin, trans-retinol can be 
metabolized in keratinocytes in the upper layers of the 
viable epidermis. Although the role of trans-retinol in 
preserving the physiology and function of skin has 
been intensively investigated, the physiological effect 
of this substance has been limited by its inefficient 
penetration through the natural skin barrier. 35 

Our results show an increased tretinoin- 
induced anti-inflammatory response in ex vivo treat- 
ments in comparison with other retinoids. Also, the 
treatment using TNE associated with retinol micro- 
capsules at 0.1% reduced the inflammation response 
significantly, compared with treatment using a lead- 
ing commercial product. These results corroborate the 
data described in the literature on the potency of 
inflammation caused by tretinoin treatment. The 
potentiation effects of the treatment with retinol 
microcapsules in triple nanoemulsion indicate that 
retinol should be prescribed instead of tretinoin, since 
the retinol treatment generally induces a positive 
modulation of other age-related processes. Retinol 
microcapsules improve intracellular bioavailability 
and, with the increased permeation provided by TNE, 
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increases the efficacy of the treatment. 

Retinoic acid, a derivative of vitamin A, is 
widely used to treat acne vulgaris and photoaging, 
and has a profound effect on cellular differentiation, 
angiogenesis, new collagen formation, and fibropla- 
sia. When applied topically to a poorly granulating 
wound bed, retinoic acid may restore and accelerate 
the formation of granulation tissue. However, retinoic 
acid is quite irritating to the surrounding skin and this 
problem has prevented its widespread use. 

Since direct topical treatment with RA causes 
severe side effects, such as skin irritation, cosmetic uses 
of RA are limited. 36,37 Retinol is an alternative for long- 
term treatment because of its anti-aging activity. The 
photo-instability of retinol, however, diminishes its 
utility for general cosmetic and pharmaceutical formu- 
lations. 38 To solve these problems, many research 
groups have synthesized retinol derivatives, blended 
retinol with soybean oil, or microencapsulated retinol. 3 ' 

According to Cho et al. (2012) and other 
authors, micro-encapsulation enhances the skin per- 
meation of retinol and increases the UV/ thermal sta- 
bility of emulsions containing retinol. 39 ' 40 

It is important to mention that TNE was able to 
increase and potentiate the effects of microencapsulat- 
ed retinol, creating a better, more efficient and stabler 
treatment for skin aging. 

Our data also demosntrated the positive effects 
of TNE and microencapsulated retinol on biological 
processes related to oxidative stress reaction, extracel- 
lular matrix lipid metabolism, and cell proliferation. 
The activities of superoxide dismutase, catalase and 
glutathione peroxidase increased in response to retinol 
treatment, suggesting that retinol induces the produc- 
tion of antioxidant enzymes, which demonstrates its 
role in the body's response to oxidative stress. 41 - 42 Other 



studies reported that retinoids increase extracellular 
matrix proteins and stimulate fibroblast proliferation. 43 
46 Recent studies have demonstrated a molecular mech- 
anism by which retinol-binding protein (RBP) can 
have an effect on the signaling of cell-surface receptors; 
when connected to retinol, this receptor induces the 
phosphorylation of a tyrosine residue in the receptor 
C-terminus, thereby activating a JAK/STAT signaling 
cascade. Consequently, in cells such as adipocytes, 
RBP-Retinol induces the expression of STAT target 
genes, including SOCS3 and PPARg, which enhances 
lipid accumulation. 47 

CONCLUSION 

Considered the gold standard of anti-age treat- 
ment by dermatologists specialized in skin aging, 
retinoic acid is nonetheless losing its therapeutic 
appeal because of its well-known tendency to irritate 
the skin and, consequently, cause intolerance in 
patients. Therefore, both retinoic acid and tretinoin - 
which in daily practice are used synonymously - are 
having their excellent therapeutic potential go to 
waste because of the patients' lack of adherence to 
continuous use. Moreover, retinoic acid is classified as 
a medical drug and, as such, may not be included in 
the formulation of countless products marketed with 
anti-aging claims. 

The results detailed in this study are in agreement 
with the expected effects of retinoids as previously 
described in the literature. In addition, our data show 
that a blend of actives prepared as a triple nanoemulsion 
in association with microencapsulated retinol is thera- 
peutically more effective than a leading commercial 
product, tretinoin or microencapsulated retinol, used 
separately. This association emerges as a new possibility 
for the treatment and prevention of skin aging. □ 
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